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Why Genomes and Why Genomes and GenomicsGenomics

•• Major goal: obtain the complete sequence of asMajor goal: obtain the complete sequence of as
many genomes as possiblemany genomes as possible

•• Genome sequences provide the basis forGenome sequences provide the basis for
“sequence-based biology”“sequence-based biology”
•• Description of every gene and gene productDescription of every gene and gene product

(assignment of function)(assignment of function)

•• Insight into Insight into noncoding noncoding and regulatory regionsand regulatory regions

•• Comparative Comparative genomicsgenomics

•• Variations within a species (Variations within a species (SNPsSNPs))

•• Identification of genes responsible for genetic andIdentification of genes responsible for genetic and
genomic genomic disordersdisorders

•• Clinical applications of gene discoveryClinical applications of gene discovery
((pharmacogenomicspharmacogenomics, gene therapy), gene therapy)
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Unfinished ~4-6x coverage
Finished ~10-12x coverage, <1 error in 10,000
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Public Consortium’s Working DraftPublic Consortium’s Working Draft

•• White House announcement on June 26, 2000White House announcement on June 26, 2000

•• “…overlapping fragments covering 97% of the“…overlapping fragments covering 97% of the
human genome, of which sequence has alreadyhuman genome, of which sequence has already
been assembled for approximately 85% of thebeen assembled for approximately 85% of the
genome.”genome.”

•• 50% of genome in “near-finished” form,50% of genome in “near-finished” form,
24% in “finished” form24% in “finished” form

•• Average accuracy is 99.9%Average accuracy is 99.9%

•• “…continuously, immediately, and freely“…continuously, immediately, and freely
released to the world, with no restrictions on itsreleased to the world, with no restrictions on its
use or redistribution.”use or redistribution.”

Data Release PolicyData Release Policy

“As extensive determination of the genomic DNA sequence of several
organisms proceeds, it is increasingly clear that sequence information
has enormous and immediate scientific value, even prior to its final
assembly and completion. Delaying the release of either unfinished or
finished genomic DNA sequence data serves no useful purpose and
actually has the effect of slowing the progress of research. Therefore,
the attendees at the Third International Strategy Meeting on Human
Genome Sequencing (Bermuda, Feb. 27-28, 1998) agreed unanimously
to support, as individual scientists, the view that all publicly funded
large-scale DNA sequencing projects, regardless of the organism,
should deposit data immediately into the public domain, following the
same guidelines that have previously been adopted by this group for
human genomic sequence. The scientists attending this meeting will
continue to adhere to these principles and urge all other scientists and
policy-making groups involved in large-scale sequencing to adopt them
as well.”

Guyer, Genome Research 8, 413, 1998
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Public AccessPublic Access

“We’ve got to get the basic
information out to
everybody who might find
some particular use for it …
Most scientists and
researchers believe the basic
information ought to be as
broadly shared as possible.”

Los Angeles Times, February 11, 2000

Sequencing ProgressSequencing Progress
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GenBankGenBank, June 15, 2000, June 15, 2000

••  21.1% finished + 65.7% draft = 86.8% total to date  21.1% finished + 65.7% draft = 86.8% total to date
••  Billionth base pair (G) sequenced on November 23, 1999  Billionth base pair (G) sequenced on November 23, 1999
••  Second billionth base pair (T) sequenced on March 29, 2000  Second billionth base pair (T) sequenced on March 29, 2000
••  Finish complete genome before end of 2002Finish complete genome before end of 2002
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CloningCloning
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Positional Candidate ApproachPositional Candidate Approach
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1. ESTs, unidentied

2. Breast cancer susceptibility
locus 1 (BRCA1)

3. ESTs, highly similar to
patched [Drosophila
melanogaster]

4. Phosphofructokinase (PFK)

5. ESTs, unidentied

6. ESTs, unidentied

7. Deleted in pancreatic
cancer 1 (DPC1)

8. ESTs, unidentied

Genes in Interval 

Computer
Search

Mutation
Detection

Candidate
Genes

Disease
Mutation

Maturation of Sequence DataMaturation of Sequence Data

PrefinishedPrefinished

FinishedFinished

Sequencing of BAC or PAC clones at Sequencing of BAC or PAC clones at 
high coveragehigh coverage

Incompletely assembled sequence Incompletely assembled sequence contigscontigs

Directed reads to close gaps and increase Directed reads to close gaps and increase 
qualityquality

Final, completely assembled sequenceFinal, completely assembled sequence
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Maturation of Sequence DataMaturation of Sequence Data

PrefinishedPrefinished

FinishedFinished

Batch first-pass analysis (BLAST)Batch first-pass analysis (BLAST)

Gene-finding at single-Gene-finding at single-exon exon stagestage

Gene-finding on large Gene-finding on large contigscontigs

Sequence annotationSequence annotation

assemblyassembly

assemblyassembly

BLASTBLAST

•• Seeks high-scoring segment pairs (HSP)Seeks high-scoring segment pairs (HSP)
•• pair of sequences that can be aligned without gapspair of sequences that can be aligned without gaps

•• when aligned, have maximal aggregate scorewhen aligned, have maximal aggregate score
(score cannot be improved by extension or trimming)(score cannot be improved by extension or trimming)

•• score must be above scorescore must be above score threshhold threshhold  SS

•• gapped (2.0) or gapped (2.0) or ungapped ungapped (1.4)(1.4)

•• Search enginesSearch engines
•• WWW search formWWW search form

http://www.http://www.ncbincbi..nlmnlm..nihnih..govgov/BLAST/BLAST

•• Unix command lineUnix command line
blastall blastall -p -p progname progname -d -d db db -i query >-i query > outfile outfile

•• E-mail serverE-mail server
blast@blast@ncbincbi..nlmnlm..nihnih..govgov
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BLAST AlgorithmsBLAST Algorithms

Program Query Sequence Target Sequence

BLASTN Nucleotide Nucleotide

BLASTP Protein Protein

BLASTX Nucleotide, Protein
six-frame translation

TBLASTN Protein Nucleotide,
six-frame translation

TBLASTX Nucleotide, Nucleotide,
six-frame translation six-frame translation

Neighborhood WordsNeighborhood Words

Query Word (Query Word (WW = 3) = 3)

Neighborhood ScoreNeighborhood Score
ThresholdThreshold
((TT = 13) = 13)

Query:   GSQSLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEAFVED

PQG   18
PEG   15
PRG   14
PKG   14
PNG   13
PDG   13
PHG   13
PMG   13
PSG   13
PQA   12
PQN   12
etc.

NeighborhoodNeighborhood
WordsWords
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High-Scoring Segment PairsHigh-Scoring Segment Pairs

Query:   325  SLAALLNKCKTPQGQRLVNQWIKQPLMDKNRIEERLNLVEA  365
              +LA++L    TP G R++ +W+  P+ D   + ER   + A
Sbjct:   290  TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA  330

PQG   18
PEG   15
PRG   14
PKG   14
PNG   13
PDG   13
PHG   13
PMG   13
PSG   13
PQA   12
PQN   12
etc.

BLAST Search RequirementsBLAST Search Requirements

•• A query sequence, in FASTA formatA query sequence, in FASTA format

•• Which BLAST program to useWhich BLAST program to use

•• Which database to searchWhich database to search

•• Parameter valuesParameter values
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BLAST Search RequirementsBLAST Search Requirements

•• A query sequence, in FASTA formatA query sequence, in FASTA format

•• Which BLAST program to useWhich BLAST program to use

•• Which database to searchWhich database to search

•• Parameter valuesParameter values
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Scoring MatricesScoring Matrices

•• Empirical weighting scheme to representEmpirical weighting scheme to represent
biologybiology
•• CysCys/Pro important for structure and function/Pro important for structure and function

•• TrpTrp has bulky side chain has bulky side chain

•• LysLys//ArgArg have positively-charged side chains have positively-charged side chains

•• Importance of understanding scoring matricesImportance of understanding scoring matrices
•• Appear in all analyses involving sequenceAppear in all analyses involving sequence

comparisoncomparison

•• Implicitly represent a particular theory of evolutionImplicitly represent a particular theory of evolution

•• Choice of matrix can strongly influence outcomesChoice of matrix can strongly influence outcomes

Matrix StructureMatrix Structure

   A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  B  Z  X  *
A  4 -1 -2 -2  0 -1 -1  0 -2 -1 -1 -1 -1 -2 -1  1  0 -3 -2  0 -2 -1  0 -4
R -1  5  0 -2 -3  1  0 -2  0 -3 -2  2 -1 -3 -2 -1 -1 -3 -2 -3 -1  0 -1 -4
N -2  0  6  1 -3  0  0  0  1 -3 -3  0 -2 -3 -2  1  0 -4 -2 -3  3  0 -1 -4
D -2 -2  1  6 -3  0  2 -1 -1 -3 -4 -1 -3 -3 -1  0 -1 -4 -3 -3  4  1 -1 -4
C  0 -3 -3 -3  9 -3 -4 -3 -3 -1 -1 -3 -1 -2 -3 -1 -1 -2 -2 -1 -3 -3 -2 -4
Q -1  1  0  0 -3  5  2 -2  0 -3 -2  1  0 -3 -1  0 -1 -2 -1 -2  0  3 -1 -4
E -1  0  0  2 -4  2  5 -2  0 -3 -3  1 -2 -3 -1  0 -1 -3 -2 -2  1  4 -1 -4
G  0 -2  0 -1 -3 -2 -2  6 -2 -4 -4 -2 -3 -3 -2  0 -2 -2 -3 -3 -1 -2 -1 -4
H -2  0  1 -1 -3  0  0 -2  8 -3 -3 -1 -2 -1 -2 -1 -2 -2  2 -3  0  0 -1 -4
I -1 -3 -3 -3 -1 -3 -3 -4 -3  4  2 -3  1  0 -3 -2 -1 -3 -1  3 -3 -3 -1 -4
L -1 -2 -3 -4 -1 -2 -3 -4 -3  2  4 -2  2  0 -3 -2 -1 -2 -1  1 -4 -3 -1 -4
K -1  2  0 -1 -3  1  1 -2 -1 -3 -2  5 -1 -3 -1  0 -1 -3 -2 -2  0  1 -1 -4
M -1 -1 -2 -3 -1  0 -2 -3 -2  1  2 -1  5  0 -2 -1 -1 -1 -1  1 -3 -1 -1 -4
F -2 -3 -3 -3 -2 -3 -3 -3 -1  0  0 -3  0  6 -4 -2 -2  1  3 -1 -3 -3 -1 -4
P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4  7 -1 -1 -4 -3 -2 -2 -1 -2 -4
S  1 -1  1  0 -1  0  0  0 -1 -2 -2  0 -1 -2 -1  4  1 -3 -2 -2  0  0  0 -4
T  0 -1  0 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1  1  5 -2 -2  0 -1 -1  0 -4
W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1  1 -4 -3 -2 11  2 -3 -4 -3 -2 -4
Y -2 -2 -2 -3 -2 -1 -2 -3  2 -1 -1 -2 -1  3 -3 -2 -2  2  7 -1 -3 -2 -1 -4
V  0 -3 -3 -3 -1 -2 -2 -3 -3  3  1 -2  1 -1 -2 -2  0 -3 -1  4 -3 -2 -1 -4
B -2 -1  3  4 -3  0  1 -1  0 -3 -4  0 -3 -3 -2  0 -1 -4 -3 -3  4  1 -1 -4
Z -1  0  0  1 -3  3  4 -2  0 -3 -3  1 -1 -3 -1  0 -1 -3 -2 -2  1  4 -1 -4
X  0 -1 -1 -1 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2  0  0 -2 -1 -1 -1 -1 -1 -4
* -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4  1
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PAM MatricesPAM Matrices

•• MargaretMargaret Dayhoff Dayhoff, 1978, 1978

•• Point Accepted Mutation (PAM)Point Accepted Mutation (PAM)
•• Look at patterns of substitutions in related proteinsLook at patterns of substitutions in related proteins

•• The new side chain must function the same way asThe new side chain must function the same way as
the old one (“acceptance”)the old one (“acceptance”)

•• On average, 1 PAM corresponds to 1 amino acidOn average, 1 PAM corresponds to 1 amino acid
change per 100 residueschange per 100 residues

•• 1 PAM ~ 1% divergence1 PAM ~ 1% divergence

•• Extrapolate to predict patterns at longer distancesExtrapolate to predict patterns at longer distances

PAM MatricesPAM Matrices

•• AssumptionsAssumptions
•• Replacement is independent of surrounding residuesReplacement is independent of surrounding residues

•• Sequences being compared are of average compositionSequences being compared are of average composition

•• All sites are equally mutableAll sites are equally mutable

•• Sources of errorSources of error
•• Small, globular proteins used to derive matricesSmall, globular proteins used to derive matrices

(departure from average composition)(departure from average composition)

•• Errors in PAM 1 are magnified up to PAM 250Errors in PAM 1 are magnified up to PAM 250

•• Does not account for conserved blocks or motifsDoes not account for conserved blocks or motifs
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BLOSUM MatricesBLOSUM Matrices

•• HenikoffHenikoff and and Henikoff Henikoff, 1992, 1992

•• BloBlocks cks SuSubstitution bstitution MMatrix (BLOSUM)atrix (BLOSUM)
•• Look only for differences in conserved,Look only for differences in conserved, ungapped ungapped

regions of a protein familyregions of a protein family

•• More sensitive to structural or functional substitutionsMore sensitive to structural or functional substitutions

•• BLOSUM BLOSUM nn
•• Contribution of sequences > Contribution of sequences > nn% identical weighted to 1% identical weighted to 1

•• Substitution frequencies are more heavily-influenced bySubstitution frequencies are more heavily-influenced by
sequences that are more divergent than this cutoffsequences that are more divergent than this cutoff

•• Clustering reduces contribution of closely-related sequencesClustering reduces contribution of closely-related sequences

•• Reducing Reducing nn yields more distantly-related sequences yields more distantly-related sequences

So many matrices...So many matrices...

•• Triple-PAM strategy Triple-PAM strategy ((AltschulAltschul, 1991), 1991)

•• PAM 40PAM 40 Short alignments, highly similarShort alignments, highly similar

•• PAM 120PAM 120

•• PAM 250PAM 250 Longer, weaker local alignmentsLonger, weaker local alignments

•• BLOSUM BLOSUM ((HenikoffHenikoff, 1993), 1993)

•• BLOSUM 90BLOSUM 90 Short alignments, highly similarShort alignments, highly similar

•• BLOSUM 62BLOSUM 62 Most effective in detecting knownMost effective in detecting known
members of a protein familymembers of a protein family

•• BLOSUM 30BLOSUM 30 Longer, weaker local alignmentsLonger, weaker local alignments

•• No single matrix is the complete answer for allNo single matrix is the complete answer for all
sequence comparisonssequence comparisons
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BLAST QueryBLAST Query

                                                                    Score  E
Sequences producing significant alignments:                        (bits)  Value

sp|P29617|PRO_DROME PROTEIN PROSPERO                                  948  0.0
sp|P34522|HM26_CAEEL HOMEOBOX PROTEIN CEH-26                          242  4e-63
sp|P48437|PRX1_MOUSE HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)    214  7e-55
sp|Q92786|PRX1_HUMAN HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)    214  7e-55
sp|Q91018|PRX1_CHICK HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)    213  2e-54
sp|P25440|RNG3_HUMAN RING3 PROTEIN (KIAA9001)                          35  0.79
sp|P31000|VIME_RAT VIMENTIN                                            34  1.4
sp|P48670|VIME_CRIGR VIMENTIN                                          34  1.4

>N-terminal unknown protein
MSSAAAAAAGAAGGGALFQPQSVSTANSSSSNNNNSSTPAALATHSPTSNSPVSGASSASSLLTAAFGNL
FGGSSAKMLNELFGRQMKQAQDATSGLPQSLDNAMLAAAMETATSAELLIGSLNSTSKLLQQQHNNN...

BLASTP / SWISSPROT / BLOSUM62

BLAST QueryBLAST Query
>N-terminal unknown protein
MSSAAAAAAGAAGGGALFQPQSVSTANSSSSNNNNSSTPAALATHSPTSNSPVSGASSASSLLTAAFGNL
FGGSSAKMLNELFGRQMKQAQDATSGLPQSLDNAMLAAAMETATSAELLIGSLNSTSKLLQQQHNNN...

BLASTP / SWISSPROT / BLOSUM62

Lower probability infers 
greater significance –
but always look at the
alignments!

                                                                    Score  E
Sequences producing significant alignments:                        (bits)  Value

sp|P29617|PRO_DROME PROTEIN PROSPERO                                  948  0.0
sp|P34522|HM26_CAEEL HOMEOBOX PROTEIN CEH-26                          242  4e-63
sp|P48437|PRX1_MOUSE HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)    214  7e-55
sp|Q92786|PRX1_HUMAN HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)    214  7e-55
sp|Q91018|PRX1_CHICK HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)    213  2e-54
sp|P25440|RNG3_HUMAN RING3 PROTEIN (KIAA9001)                          35  0.79
sp|P31000|VIME_RAT VIMENTIN                                            34  1.4
sp|P48670|VIME_CRIGR VIMENTIN                                          34  1.4
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WebBLASTWebBLAST

•• ImpetusImpetus
•• Need to archive data in a logical fashionNeed to archive data in a logical fashion

•• Shortcomings of commercial LIMS productsShortcomings of commercial LIMS products

•• Need to perform many BLAST searches (locally)Need to perform many BLAST searches (locally)

•• GoalsGoals
•• Collect and organize sequence dataCollect and organize sequence data

•• Provide automated BLAST runsProvide automated BLAST runs

•• Monthly re-BLAST against NCBI-monthMonthly re-BLAST against NCBI-month

•• Combine data from multiple sourcesCombine data from multiple sources

•• Allow for export to assembly programsAllow for export to assembly programs

•• Use in multi-user, multi-project environmentUse in multi-user, multi-project environment

•• Most steps transparent to usersMost steps transparent to users
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Gene IdentificationGene Identification

•• GoalsGoals
•• “Is a sequence coding or non-coding?”“Is a sequence coding or non-coding?”

•• “What is the organization of my gene?”“What is the organization of my gene?”

•• RelevanceRelevance
•• Characterization of anonymous DNA Characterization of anonymous DNA genomicgenomic

sequencessequences

•• Gain understanding of the rules specifying geneGain understanding of the rules specifying gene
structure (“deciphering the genetic code”)structure (“deciphering the genetic code”)

Promoter Exon 1        | Intron 1      | Exon 2       | Intron 2      | Exon 3    | Intron 3  | Exon 4

Transcription

End Modification

Splicing

Translation

Cap 5’Cap 5’ polyApolyA

polyApolyAcapcap

polyApolyA

StartStart StopStop

GU     AG GU   AG

NucleusNucleus

CytoplasmCytoplasm

GU     AG

DNA

RNA

Mature
mRNA
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Gene-Finding StrategiesGene-Finding Strategies

Genomic Genomic SequenceSequence

ComparativeComparativeSite-BasedSite-BasedContent-BasedContent-Based

Bulk properties ofBulk properties of
sequence:sequence:
••  Open reading framesOpen reading frames
••  CodonCodon usage usage
••  Repeat periodicityRepeat periodicity
••  CompositionalCompositional

complexitycomplexity

Absolute properties ofAbsolute properties of
sequence:sequence:
••  Consensus sequencesConsensus sequences
••  Donor and acceptorDonor and acceptor

splice sitessplice sites
••  Transcription factorTranscription factor

binding sitesbinding sites
••  PolyadenylationPolyadenylation

signalssignals
••  “Right” ATG start“Right” ATG start
••  Stop Stop codonscodons

out-of-contextout-of-context

Inferences basedInferences based
on sequence homology:on sequence homology:
••  Protein sequenceProtein sequence

with similarity towith similarity to
translated producttranslated product
of queryof query

••  Modular structure ofModular structure of
  proteins usuallyproteins usually

precludes findingprecludes finding
complete genecomplete gene

Gene-Finding MethodsGene-Finding Methods

Genomic Genomic SequenceSequence

Neural NetworkNeural NetworkRule-BasedRule-Based

Cutoff method:Cutoff method:
••  CriterialCriterial applied sequentially applied sequentially

to identify possible to identify possible exonsexons
••  Rank or eliminate candidatesRank or eliminate candidates

from consideration based onfrom consideration based on
pre-determined cutoff atpre-determined cutoff at
each stepeach step

Composite method:Composite method:
••  Criteria applied in parallelCriteria applied in parallel
••  Training sets used to optimizeTraining sets used to optimize
  performanceperformance
••  Weight scores in order ofWeight scores in order of

importanceimportance
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Neural NetworkNeural Network

TTAA AA CC CC TT AA TT

00Output layerOutput layer

Input layerInput layer

Hidden layerHidden layer

EEII

Gene-Finding MethodsGene-Finding Methods

Genomic Genomic SequenceSequence

Neural NetworkNeural NetworkRule-BasedRule-Based

Cutoff method:Cutoff method:
••  CriterialCriterial applied sequentially applied sequentially

to identify possible to identify possible exonsexons
••  Rank or eliminate candidatesRank or eliminate candidates

from consideration based onfrom consideration based on
pre-determined cutoff atpre-determined cutoff at
each stepeach step

Composite method:Composite method:
••  Criteria applied in parallelCriteria applied in parallel
••  Training sets used to optimizeTraining sets used to optimize
  performanceperformance
••  Weight scores in order ofWeight scores in order of

importanceimportance

• Combination of methods used varies
• Statistical criteria for each method varies
• Algorithms for determining “best model” vary
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GRAILGRAIL

•• GRAIL 1GRAIL 1
•• Neural network recognizing coding potential within aNeural network recognizing coding potential within a

fixed-size (100 base) windowfixed-size (100 base) window

•• Evaluates coding potential without looking forEvaluates coding potential without looking for
additional features (additional features (e.g.e.g., splice junctions, start and, splice junctions, start and
stop stop codonscodons))

•• GRAIL 1aGRAIL 1a
•• Look at regions immediately adjacent to regions withLook at regions immediately adjacent to regions with

coding potentialcoding potential

•• Determine the “best” boundaries for the coding regionDetermine the “best” boundaries for the coding region

•• Performs better than GRAIL 1 in finding true Performs better than GRAIL 1 in finding true exonsexons
and eliminating false positivesand eliminating false positives

GRAILGRAIL

•• GRAIL 2GRAIL 2
•• Variable-length windows usedVariable-length windows used

•• Incorporates Incorporates genomic genomic context informationcontext information
•• Splice junctionsSplice junctions

•• Start and stop Start and stop codonscodons

•• Polyadenylation Polyadenylation signalssignals

•• Regions next to an Regions next to an exon exon mustmust be present be present

•• Not appropriate for sequences without Not appropriate for sequences without genomicgenomic
contextcontext

•• Deemed better at estimating the true extent of an Deemed better at estimating the true extent of an exonexon
as compared to GRAIL 1as compared to GRAIL 1
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GRAIL QueryGRAIL Query

•• ImplementationsImplementations
•• Web form at Web form at http://http://compbiocompbio..ornlornl..govgov

•• E-mail server at E-mail server at grail@grail@ornlornl..govgov

•• Command-line automatic modeCommand-line automatic mode

•• Batch modeBatch mode

•• XGRAIL for UNIXXGRAIL for UNIX

•• Multiple sequencesMultiple sequences

•• Length 100 bases to 100 Length 100 bases to 100 kilobaseskilobases

ExcellentMarginal Good

Repetitive Elements
Simple Repeats
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FGENESFGENES

•• Predicts internal Predicts internal exonsexons

•• Linear Linear discriminant discriminant analysisanalysis
•• Allows for data from multiple experiments to beAllows for data from multiple experiments to be

combinedcombined
•• Donor and acceptor splice sitesDonor and acceptor splice sites

•• Putative coding regionsPutative coding regions

•• Intronic Intronic regions both 5’ and 3’ to the putative regions both 5’ and 3’ to the putative exonexon

•• Pass results to a dynamic programming algorithm toPass results to a dynamic programming algorithm to
come up with a coherent gene modelcome up with a coherent gene model

•• Web form atWeb form at
http://http://genomicgenomic..sangersanger.ac..ac.ukuk//gfgf//gfgf..shtmlshtml

FGENES ResultsFGENES Results

 Number of predicted genes:   2 In +chain:   1 In -chain:   1
 Number of predicted exons:  33 In +chain:  23 In -chain:  10
 Positions of predicted genes and exons:
  G Str Feature  Start       End   Weight  ORF-start ORF-end
     
  1 +   1 CDSf    3413 -    3594    2.50    3413 -    3592
  1 +   2 CDSi    4606 -    4753    1.73    4607 -    4753
  ...
  1 +  23 CDSl   74150 -   74731    2.94   74150 -   74728
  1 +     PolA   75218              4.18
 
  2 -     PolA   82006              4.57
  2 -   1 CDSl   82727 -   82738    1.32   82730 -   82738
  ...
  2 -   9 CDSi   93728 -   93834    2.05   93730 -   93834
  2 -  10 CDSi   95221 -   95316    2.27   95221 -   95316
 
Predicted proteins:
>FGENES 1.5 AC002467      1 Multiexon gene    3413 -   74731 a Ch+
MLSRPTVGSGFPTSCLSTDGVHSTVSLWGRMGYKEKRSLKINLTGRESKATRAENQTDLV
RFLPPELPPVSLFSEMLAASFSIAVVAYAIAVSVGKVYATKYDYTIDGNQEFIAFGISNI
<remainder of output truncated>

>AC002467 Human BAC clone RG364P16 (7q31, 98 kb)

CDSf = Initial exon
CDSi = Internal exon
CDSl = Terminal exon
CDSo = Only one exon
PolA = poly-A signal
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MZEFMZEF

•• Designed to predict internal coding Designed to predict internal coding exonsexons

•• Uses “quadratic Uses “quadratic discriminant discriminant analysis”analysis”

Variables measured:Variables measured:

•• ExonExon length length

•• IntronIntron--exon exon transitiontransition

•• Branch-site scoresBranch-site scores

•• 3’ and 5’ splice site scores3’ and 5’ splice site scores

•• Exon Exon scorescore

•• Strand scoreStrand score

•• ExonExon--intron intron transitiontransition

Zhang, 1997

MZEF QueryMZEF Query

•• ImplementationsImplementations
•• Download at Download at ftp://phage.ftp://phage.cshlcshl.org/pub/science/.org/pub/science/mzefmzef

•• Web form at Web form at http://www.http://www.cshlcshl.org/.org/genefindergenefinder

•• Single sequenceSingle sequence

•• Sequence length up to 200 kb to Web server;Sequence length up to 200 kb to Web server;
longer when run locallylonger when run locally

•• Organism optionsOrganism options
•• HumanHuman

•• MouseMouse

•• ArabidopsisArabidopsis

•• Fission yeastFission yeast
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MZEF ResultsMZEF Results

>J02846|HUMTFPB Human tissue factor gene, complete cds
GAATTCTCCCAGAGGCAAACTGCCAGATGTGAGGCTGCTCTTCCTCAGTCACTATCTCTGGTCGTACCGG
GCGATGCCTGAGCCAACTGACCCTCAGACCTGTGAGCCGAGCCGGTCACACCGTGGCTGACACCGGCATT
CCCACCGCCTTTCTCCTGTGCGACCCGCTAAGGGCCCCGCGAGGTGGGCAGGCCAAGTATTCTTGACCTT
...

 Internal coding exons predicted by MZEF
 Sequence_length:  13860  G+C_content:  0.447

  Coordinates    P    Fr1   Fr2   Fr3  Orf   3ss   Cds   5ss
  6392 -  6484 0.948 0.522 0.511 0.632 221 0.539 0.606 0.575
  9289 -  9467 0.550 0.431 0.513 0.568 221 0.470 0.550 0.593
 10075 - 10234 0.614 0.634 0.487 0.481 122 0.510 0.570 0.598

Probability > 0.5
Predicted exon

ORF Indicator
1 = open

Overlap = 0

HMMgeneHMMgene

•• Predicts whole genes in any given stretch ofPredicts whole genes in any given stretch of
DNADNA

•• Uses hidden Uses hidden Markov Markov model (HMM) to maximizemodel (HMM) to maximize
probability of an accurate predictionprobability of an accurate prediction

•• Use of Use of HMMs HMMs allows for confidence values to beallows for confidence values to be
determineddetermined
•• “Best” prediction for region“Best” prediction for region

•• Alternate, plausible predictions for regionAlternate, plausible predictions for region
(alternative splicing?)(alternative splicing?)
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HMMgeneHMMgene Query Query

•• Web form atWeb form at
http://genome.http://genome.cbscbs..dtudtu..dkdk/services//services/HMMgeneHMMgene//

•• InputInput
•• One or more sequencesOne or more sequences

•• Maximum sequence length not specifiedMaximum sequence length not specified

•• Can include “annotation file”Can include “annotation file”

•• Output optionsOutput options
•• Splice sites, start and stop Splice sites, start and stop codonscodons

•• Alternative predictionsAlternative predictions

•• Organism optionsOrganism options
•• HumanHuman

•• C.C. elegans elegans

HMMgene HMMgene ResultsResults

SEQ1 HMMgene1.1 firstex 692     702     0.347   +  2    bestparse:cds_1
SEQ1 HMMgene1.1 exon_1  2473    2711    0.421   +  1    bestparse:cds_1
SEQ1 HMMgene1.1 exon_2  2897    3081    0.544   +  0    bestparse:cds_1
SEQ1 HMMgene1.1 exon_3  10376   10563   0.861   +  2    bestparse:cds_1
SEQ1 HMMgene1.1 exon_4  11841   11891   0.857   +  2    bestparse:cds_1
SEQ1 HMMgene1.1 exon_5  12387   12483   0.993   +  0    bestparse:cds_1
SEQ1 HMMgene1.1 exon_6  13076   13211   0.970   +  1    bestparse:cds_1
SEQ1 HMMgene1.1 exon_7  13332   13415   0.926   +  1    bestparse:cds_1
SEQ1 HMMgene1.1 exon_8  13515   13603   1.000   +  0    bestparse:cds_1
SEQ1 HMMgene1.1 exon_9  14180   14235   1.000   +  2    bestparse:cds_1
SEQ1 HMMgene1.1 exon_10 14321   14408   0.999   +  0    bestparse:cds_1
SEQ1 HMMgene1.1 exon_11 14483   14579   0.877   +  1    bestparse:cds_1
SEQ1 HMMgene1.1 exon_12 14697   14764   0.639   +  0    bestparse:cds_1
SEQ1 HMMgene1.1 exon_13 14901   15030   0.835   +  1    bestparse:cds_1
SEQ1 HMMgene1.1 lastex  15643   15704   0.987   +  0    bestparse:cds_1
SEQ1 HMMgene1.1 CDS     692     15704   0.132   +  .    bestparse:cds_1

firstex  = Initial exon
exon_N   = Internal exon
lastex   = Terminal exon
singleex = Single-exon gene
CDS      = Coding region

Score
(0-1)

Strand
&Frame
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GENSCANGENSCAN

•• Designed to predict complete gene structuresDesigned to predict complete gene structures
•• Introns Introns and and exonsexons

•• Promoter sitesPromoter sites

•• Polyadenylation Polyadenylation signalssignals

•• Larger predictive scopeLarger predictive scope
•• Partial genesPartial genes

•• Complete genesComplete genes

•• Multiple genes separated by Multiple genes separated by intergenic intergenic DNADNA

•• Does Does not not make use of homology searchesmake use of homology searches

•• Uses a “probabilistic model” ofUses a “probabilistic model” of genomic genomic
sequence composition and gene structuresequence composition and gene structure

GENSCAN QueryGENSCAN Query

•• ImplementationsImplementations
•• Web form at Web form at http://CCR-081.http://CCR-081.mitmit..eduedu/GENSCAN.html/GENSCAN.html

•• E-mail server at E-mail server at genscangenscan@@ccrccr-081.-081.mitmit..eduedu

•• Multiple sequencesMultiple sequences

•• Sequence length up to 200 kb to Web server;Sequence length up to 200 kb to Web server;
longer to E-mail serverlonger to E-mail server

•• Organism optionsOrganism options
•• VertebrateVertebrate

•• ArabidopsisArabidopsis

•• MaizeMaize
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GENSCAN ResultsGENSCAN Results

Predicted genes/Predicted genes/exonsexons::

GnGn.Ex Type S .Begin ...End .Len Fr.Ex Type S .Begin ...End .Len Fr Ph Ph I/Ac Do/T I/Ac Do/T CodRg CodRg P.... P.... Tscr Tscr....

----- ---- - ------ ------ ---- -- -- ---- ---- ----- ----- ----------- ---- - ------ ------ ---- -- -- ---- ---- ----- ----- ------

 9.00 Prom + 233097 233136   40                              -5.85 9.00 Prom + 233097 233136   40                              -5.85

 9.01 9.01 Init Init + 234340 234483  144  0  0   85   76   158 0.926  13.24 + 234340 234483  144  0  0   85   76   158 0.926  13.24

 9.02 9.02 Intr Intr + 234692 234724   33  1  0  125  101    19 0.955   4.40 + 234692 234724   33  1  0  125  101    19 0.955   4.40

 9.03 9.03 Intr Intr + 235675 235803  129  0  0   27  106   111 0.987   6.77 + 235675 235803  129  0  0   27  106   111 0.987   6.77

 9.04 Term + 235909 236007   99  0  0  114   53   102 0.999   6.45 9.04 Term + 235909 236007   99  0  0  114   53   102 0.999   6.45

 9.05 9.05 PlyA PlyA + 236349 236354    6                               1.05 + 236349 236354    6                               1.05

Init = Initial exon
Intr = Internal exon
Term = Terminal exon
Sngl = Single-exon gene
Prom = Promoter
PlyA = poly-A signal

P-range     Accuracy
0.00-0.50   29.8%
0.50-0.75   54.1%
0.75-0.90   74.8%
0.90-0.95   87.8%
0.95-0.99   92.4%
0.99-1.00   97.7%

GENSCAN ResultsGENSCAN Results

Predicted genes/Predicted genes/exonsexons::

GnGn.Ex Type S .Begin ...End .Len Fr.Ex Type S .Begin ...End .Len Fr Ph Ph I/Ac Do/T I/Ac Do/T CodRg CodRg P.... P.... Tscr Tscr....

----- ---- - ------ ------ ---- -- -- ---- ---- ----- ----- ----------- ---- - ------ ------ ---- -- -- ---- ---- ----- ----- ------

 9.00 Prom + 233097 233136   40                              -5.85 9.00 Prom + 233097 233136   40                              -5.85

 9.01 9.01 Init Init + 234340 234483  144  0  0   85   76   158 0.926  13.24 + 234340 234483  144  0  0   85   76   158 0.926  13.24

 9.02 9.02 Intr Intr + 234692 234724   33  1  0  125  101    19 0.955   4.40 + 234692 234724   33  1  0  125  101    19 0.955   4.40

 9.03 9.03 Intr Intr + 235675 235803  129  0  0   27  106   111 0.987   6.77 + 235675 235803  129  0  0   27  106   111 0.987   6.77

 9.04 Term + 235909 236007   99  0  0  114   53   102 0.999   6.45 9.04 Term + 235909 236007   99  0  0  114   53   102 0.999   6.45

 9.05 9.05 PlyA PlyA + 236349 236354    6                               1.05 + 236349 236354    6                               1.05

>5q31.seq|GENSCAN_predicted_peptide_9|134_aa
MRMLLHLSLLALGAAYVYAIPTEIPTSALVKETLALLSTHRTLLIANETLRIPVPVHKNH
QLCTEEIFQGIGTLESQTVQGGTVERLFKNLSLIKKYIDGQKKKCGEERRRVNQFLDYLQ
EFLGVMNTEWIIES
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GENSCAN GraphicGENSCAN Graphic

Evaluation StatisticsEvaluation Statistics

ActualActual

PredictedPredicted

TPTP FPFP TNTN FNFN TPTP FNFN TNTN

SensitivitySensitivity Fraction of actual coding regions that are correctlyFraction of actual coding regions that are correctly
predicted as codingpredicted as coding

SpecificitySpecificity Fraction of the prediction that is actually correctFraction of the prediction that is actually correct

CorrelationCorrelation Combined measure of sensitivity and specificity,Combined measure of sensitivity and specificity,
CoefficientCoefficient ranging from –1 (always wrong) ranging from –1 (always wrong) 

to +1 (always right)to +1 (always right)

BursetBurset and  and GuigóGuigó, 1996; Snyder and , 1996; Snyder and StormoStormo, 1997, 1997
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Relative PerformanceRelative Performance

Claverie Claverie 19971997

SnSn (%) (%) SpSp (%) (%) CCCC

Individual Individual ExonsExons

MZEFMZEF 7878 8686 0.790.79

HEXONHEXON 7171 6565 0.640.64

SorFindSorFind 4242 4747 0.620.62

GRAIL IIGRAIL II 5151 5757 0.470.47

Gene StructureGene Structure

GENSCANGENSCAN 7878 8181 0.860.86

FGENESFGENES 7373 7878 0.740.74

GRAIL II/GapGRAIL II/Gap 5151 5252 0.660.66

GeneParserGeneParser 3535 4040 0.540.54

Relative PerformanceRelative Performance

Claverie Claverie 19971997 Rogic Rogic 20002000

SnSn (%) (%) Sp Sp (%)(%) CCCC CCCC

Individual Individual ExonsExons

MZEFMZEF 7878 8686 0.790.79

HEXONHEXON 7171 6565 0.640.64

SorFindSorFind 4242 4747 0.620.62

GRAIL IIGRAIL II 5151 5757 0.470.47

Gene StructureGene Structure

GENSCANGENSCAN 7878 8181 0.860.86 0.910.91

FGENESFGENES 7373 7878 0.740.74

GRAIL II/GapGRAIL II/Gap 5151 5252 0.660.66

GeneParserGeneParser 3535 4040 0.540.54

HMMgeneHMMgene 0.910.91
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What works best when?What works best when?

•• Genome survey (Genome survey (prefinishedprefinished) data:) data:
expect only a single expect only a single exon exon in any given stretch ofin any given stretch of
contiguous sequencecontiguous sequence

•• MZEF (GRAIL 2?)MZEF (GRAIL 2?)

•• BLASTNBLASTN  vsvs..  dbEST dbEST (3’ UTR)(3’ UTR)

•• BLASTX BLASTX vsvs. . nr nr (protein (protein CDSCDS))

•• Finished data:Finished data:
large large contigs contigs are available, providing contextare available, providing context

•• GENSCANGENSCAN

•• HMMgeneHMMgene

Gene Prediction CaveatsGene Prediction Caveats

•• Predictions are of protein coding regionsPredictions are of protein coding regions
•• Do not detect non-coding areas (5’ and 3’ UTR)Do not detect non-coding areas (5’ and 3’ UTR)

•• Non-coding RNA genes are missedNon-coding RNA genes are missed

•• Predictions are for “typical” genesPredictions are for “typical” genes
•• Must predict a beginning and an endMust predict a beginning and an end

•• Partial or multiple genes are often missedPartial or multiple genes are often missed

•• Training sets may be biasedTraining sets may be biased

•• Methods are sensitive to G+C contentMethods are sensitive to G+C content

•• Weighting of factors may be inordinately biasedWeighting of factors may be inordinately biased
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GeneMachineGeneMachine

FASTA-formatted sequence

GRAIL 2

FGENESGENSCAN

MZEF

Gene/Exon Prediction

BLAST

RepeatMaskerSputnik

Find Repeat Sequences

Similarity Search
on Masked Sequences

          ASN.1 file          

Sequin Viewer

BLASTNBLASTN

BLASTXBLASTXAnionAnion
TransportersTransporters

PDSPDS
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Maturation of Sequence DataMaturation of Sequence Data

PrefinishedPrefinished

FinishedFinished

Batch first-pass analysis (BLAST) WebBLAST

Gene-finding at single-exon stage MZEF

Gene-finding on large contigs GENSCAN

Sequence annotation GeneMachine

assembly

assembly

http://genome.http://genome.nhgrinhgri..nihnih..govgov


